Background and purpose: Leptin predicts cardiovascular diseases and type 2 diabetes, diseases to which Asian Indians are highly susceptible. As a risk marker, leptin's intra-individual and seasonal stability is unstudied and only small studies have compared leptin levels in Asian Indians with other populations. The aim of this study was to explore ethnicity related differences in leptin levels and its intra-individual and seasonal stability. Methods: Leptin and anthropometric data from the northern Sweden MONICA (3513 Europids) and the Mauritius Non-communicable Disease (2480 Asian Indians and Creoles) studies were used. In both studies men and women, 25-to 74-year old, participated in both an initial population survey and a follow-up after 5-13 years. For the analysis of seasonal leptin variation, a subset of 1780 participants, 30-to 60-year old, in the Västerbotten Intervention Project was used. Results: Asian Indian men and women had higher levels of leptin, leptin per body mass index (BMI) unit (leptin/BMI) or per cm in waist circumference (WC; leptin/waist) than Creoles and Europids when adjusted for BMI (all Po0.0005) or WC (all Po0.005). In men, Creoles had higher leptin, leptin/BMI and leptin/waist than Europids when adjusted for BMI or WC (all Po0.0005). In women, Creoles had higher leptin/BMI and leptin/waist than Europids only when adjusted for WC (Po0.0005). Asian Indian ethnicity in both sexes, and Creole ethnicity in men, was independently associated with high leptin levels. The intra-class correlation for leptin was similar (0.6-0.7), independently of sex, ethnicity or follow-up time. No seasonal variation in leptin levels was seen. Conclusion: Asian Indians have higher levels of leptin, leptin/BMI and leptin/waist than Creoles and Europids. Leptin has a high intra-individual stability and seasonal leptin variation does not appear to explain the ethnic differences observed here.
Introduction
The impact of obesity on morbidity and mortality is well established, even though the mediators are incompletely understood. 1 Our understanding of the metabolic and endocrine importance of the adipose tissue has rapidly increased during the last decade. The adipocyte-derived hormone leptin is important for communication between adipose tissue and several metabolic pathways, 2,3 but may also have detrimental effects on the cardiovascular system 4, 5 and the insulin-producing b cell. 6 Along with others, we have shown that leptin is an independent predictor of type 2 diabetes 7, 8 and cardiovascular disease, 4, 9 and that it predicts worsening of the metabolic syndrome independently of obesity. 10 The prevalence of diabetes is high among South Asians, 11 and the increase in numbers of people with diabetes by the year 2025 is predicted to be greatest in the countries of Southeast Asia. 12 Migrants from South Asia have a higher prevalence of diabetes 13 and coronary heart disease 14 than
Europid populations that traditional risk factors cannot fully explain. 14 Compared to the indigenous African population, Asian migrants in Tanzania and South Africa have a higher prevalence of diabetes. 15 In Mauritius, the Asian Indian and
Creole populations had a high prevalence of diabetes of 18.6 and 17.0%, respectively, in 1998. 16 Studies including Asian populations in which leptin levels among different ethnic groups have been compared are few in number and small in size. In a group of 140 insulinresistant men, Asian Indians had higher leptin than Caucasians, 17 and 10 lean and healthy age and body mass index (BMI)-matched Asian Indian men in Singapore had higher levels of leptin than both Chinese and Caucasians. 18 Comparative studies of non-Asian populations are more frequent, but mostly small in size. African Americans had higher leptin levels than non-Hispanic whites, but not Mexican Americans when controlling for anthropometric measures. 19 After adjusting for fat mass, older African
Americans had higher leptin levels than older white Americans, a difference attributed to a higher proportion of subcutaneous fat in African Americans. 20 In South Africa, African women had higher levels of leptin than Caucasian women, especially when adjusted for waist circumference (WC). 21 A Chilean study showed lower leptin levels in Mapuche natives than Caucasians 22 and we have shown that
Peruvian Indian women had a lower leptin to BMI ratio than Swedish women. 23 Other studies have revealed no ethnic differences. 24, 25, 26 Leptin levels and signaling may thus, independently of obesity, differ between different ethnic groups, and hence potentially influence the risk for diabetes and cardiovascular disease. A reliable risk marker should be stable over time and few data exist on the intra-individual and seasonal stability of leptin. To our knowledge, only one study on 25 young women has been published on leptin's long-term test-retest stability in humans, 27 and there are no data on potential ethnic differences in intra-individual stability. In many seasonally breeding animals, a significant seasonal fluctuation of leptin levels is described, driven by changes in photoperiodic length. 28 Whether such variation exists in humans is unclear. Two small longitudinal studies with 18 29 and 25 30 participants, both men and women, showed no seasonal variation in leptin levels, whereas a cross-sectional study on 65 older African-American men showed slight seasonal leptin variation. 31 The aim of this study was to use large population-based samples of different ethnicities to explore differences in leptin levels, and the intra-individual and seasonal stability of leptin.
Methods

Subjects
Anthropometric and leptin data from three different population surveys were used. The northern Sweden MONICA survey took place in the two northernmost counties, Norrbotten and Västerbotten, and details about the survey procedures have been previously published. 32 The MONICA and Mauritius surveys were performed during the first months of the year (MONICA in January to April and Mauritius in April to May). In contrast, the Västerbotten Intervention Program ran throughout the year. Västerbotten Intervention Program is a community intervention program targeting cardiovascular disease and diabetes prevention in the Västerbotten County in northern Sweden and subjects were invited to a health survey at their nearest health-care center in the year they turned 30, 40, 50 and 60 years old. A cross-sectional subset of 870 men and 910 women from the Lycksele area, participating in 1988-1992 were used in this study for the exploration of potential seasonal variation in leptin levels. The overall participation rate was 74%. 34 Lycksele, situated 200 km south of the polar circle, has great variation in day length throughout the year, from 4 h in December to 21 h in June. Leptin was measured both in Melbourne, Australia (Mauritius samples) and in Umeå, Sweden (MONICA and Västerbotten Intervention Program samples). The same test method (RIA; Linco, St. Charles, MO, USA) was used using stored samples. The lower limit of detection with this assay was 0.5 ng ml À1 and inter-assay and intra-assay CVs were 4.1-8.2 and 4.2%, respectively. We certify that all applicable institutional and governmental regulations concerning the ethical use of human 
Statistical analysis
Owing to the skewed distribution of leptin, logarithmically transformed leptin (lnleptin) was used in all analyses in addition to nontransformed leptin levels. As this did not change the outcome, the transformed results are not presented.
Baseline anthropometry and leptin levels, and the changes during follow-up were explored using analysis of variance. Differences in leptin levels and leptin/BMI or leptin/waist at baseline between different ethnic groups were explored using analysis of covariance adjusting for age, smoking habits and BMI or WC.
A stepwise and sex-stratified linear multivariable regression was performed to evaluate the independence of ethnicity in relation to other known determinants for leptin levels. Dummy variables were constructed and Europid ethnicity was the reference.
Seasonal changes in leptin levels were explored separately for men and women in different months, seasons, BMI levels and age groups using analysis of variance and analysis of covariance adjusting for age and BMI. Bonferroni post hoc tests were used to account for multiple comparisons.
Stability of leptin over time (test-retest stability) was explored with intra-class correlation (ICC), two-way mixed, type consistency. The results of the single measurements are presented. Furthermore, the analysis was also carried out taking change in BMI between initial survey and follow-up into account.
The Chinese group in Mauritius was excluded from analysis as it was judged to be too small for a meaningful analysis (35 men and 28 women). Pregnant women were excluded. All analyses were conducted using SPSS (Chicago, IL, USA) version 16.
Results
The characteristics of the Mauritius and the Swedish MONICA populations are presented in Table 1 . The Swedish participants were older than the Mauritian participants and smoking habits differed substantially. Over 50% of Asian Indian and Creole men smoked, whereas only 1% of Asian Indian women and 16% of Creole women were smokers. In Sweden 20% of both Swedish men and women were regular smokers. Leptin levels adjusted for age and smoking habits were significantly higher in Asian Indians (Po0.0005 for both men and women) and in Creoles (Po0.05 for men and Po0.005 for women) compared to Europids.
In Table 2 Swedish men use smokeless tobacco, 'snus', a moist form of snuff, more often than cigarettes. As cigarette smoking can influence leptin levels, 5, 35 the effects of snus on leptin levels were explored specifically within the MONICA population. Men smoking at both initial survey and reinvestigation, but not using snus (n ¼ 128), using snus at both occasions but not smoking (n ¼ 228) and remaining free from tobacco at both surveys (n ¼ 1010) were chosen. Adjusted (age, observation time, baseline and change in BMI) increases of leptin (ng ml
À1
) between baseline survey and reinvestigation were 2.6 (2.0-3.3), 3.1 (2.6-3.6) and 3.0 (2.8-3.3), respectively, which did not differ between groups. Assessment of seasonal differences in leptin and leptin/ BMI for men and women are presented in Table 4 . Data were also explored for different age and BMI groups and for different seasons (not shown). No significant variation over the year was seen.
Discussion
We present the largest comparison of leptin levels in adults from different ethnic groups. Most strikingly, Asian Indian men and women have significantly higher levels of leptin compared to Creole men and women as well as to Europid men and women. These differences remained after adjustments for traditional measures of body fat mass (BMI and/or WC). Asian Indian ethnicity was a substantial independent contributor to the variance in leptin levels. This is consistent with the findings of previous smaller studies that showed higher leptin levels in Asian Indian men compared to Caucasian men. 17 The relationship between body fat mass and plasma leptin levels is well established, 37 and in both sexes the estimated subcutaneous fat mass is a stronger predictor of leptin levels than the intra-abdominal fat depot. 38, 39 Many studies have
shown an increased fat mass and subcutaneous fat mass in Asian Indian men and women at comparable BMI or waist-to-hip ratio compared to both Europids and African Americans. 40, 41, 42 The percentage of visceral to total fat Higher leptin in Asian Indians M Lilja et al seems to be similar in different populations with 17-19% intra-abdominal fat in studies comparing Asian Indian men to Swedish men, 40 and to African American diabetic men. 43 Asian Indian nonobese men have larger adipocyte size than Europid men, 36 a finding which is more closely associated to hyperleptinemia than adipose tissue hyperplasia. 44 Adipocyte hypertrophy is also associated with insulin resistance 45 and an increase of nonesterified fatty acids, 17 and predicts type 2 diabetes. 46 It is also inversely linked to both glucose disposal rate and adiponectin levels, 36 which together could indicate a dysfunctional adipocyte metabolism in Asian Indians. 17 It is plausible that genetic factors could influence adipocyte size and hence leptin levels in Asian Indians as has been shown in Pima Indians, where roughly half of the variance in mean subcutaneous adipocyte size was attributed to heritability. 47 To our knowledge, no studies addressing adipocyte size in Creoles exist. The high levels of leptin and leptin relative to BMI or WC that we have shown in Asian Indians is of interest due to the linkage in both experimental 6 and epidemiological 4, 7, 8, 9 Abbreviation: ICC, intra-class correlation. Single measures ICC and 95% CI for leptin (ng ml À1 ) and logarithmically transformed leptin (lnleptin) from first survey and reinvestigation in Mauritius (1987 and1992, respectively) and in northern Sweden (1986, 1990, 1994 and 1999, respectively) . All pregnant women at survey or reinvestigation were excluded.
Higher leptin in Asian Indians M Lilja et al research between leptin and different features of the metabolic syndrome, as well as to disturbed adipose tissue metabolism. 17, 36 We found a high intra-individual, test-retest stability of leptin with an ICC value between 0.6 and 0.7 for all examined groups. A similar ICC value of 0.6 has been described in 25 young healthy women. 27 Test-retest stability is important both when regarding leptin as a risk marker for different features of the metabolic syndrome and to support the concept of leptin as a 'defense hormone' against loss of body fat, counteracting successful weight loss and thus reestablishing previous leptin levels. 48 As a comparison, ICC values for cholesterol and low-density lipoprotein in men and women were 0.6 and 0.8, respectively, and for triglycerides 0.6 and 0.5, respectively.
49
A marked seasonal variation in leptin levels has been shown in many animals, with the variation compelled by changes in photoperiodic length. 28 The presence of similar variation in humans should be most evident in a circumpolar setting, such as in northern Sweden. Our findings suggest that such variation is not present in humans and that seasonal variation does not explain the ethnic differences in leptin levels observed in this study. Our finding is in line with two small longitudinal surveys, 29, 30 but opposes one smaller cross-sectional survey 31 that showed a small correlation (r ¼ 0.3) by season. One weakness with our study, even though the sample size by far exceeds other studies addressing the same issue, is that we only have samples from throughout the year from separate individuals.
To confirm our findings, we need longitudinal studies of both men and women at different ages. We believe that the results presented here are likely to be generalizable to other ethnically similar populations, because these studies used large population-based cohorts. The lack of definite knowledge of ethnicity in the northern Sweden MONICA is a potential weakness; however, it is known that over 98% of the survey populations were born in Sweden or Finland. Furthermore, any misclassification of ethnicity is likely to reduce statistical power to detect differences between groups.
Leptin was analyzed in two different laboratories (Melbourne and Umeå); however, because the same assay was used on stored samples at both sites, we do not believe this should have influenced the results observed.
We conclude that in these large population-based samples, Asian Indians have higher levels of leptin than both Creole and Europid populations, independent of traditional measures of obesity. We also conclude that leptin levels appear to be stable over time within individuals, with no evidence of seasonal fluctuation in the population observed, attributes that are important for a metabolic and cardiovascular disease risk marker. Higher leptin in Asian Indians M Lilja et al
